ABSTRACT A total of 124 presolar SiC grains of type A and B (deÐned as having 12C/13C \ 10) were identiÐed by ion imaging in an acid-resistant residue of the Murchison carbonaceous meteorite. Their isotopic ratios, together with those of 28 previously analyzed A]B grains, are reported here. The 14N/15N ratios range from 39 to 104, with one-third of the grains having 14N/15N ratios lower than the solar value of 272. Inferred 26Al/27Al ratios of A]B grains range up to 10~2. These isotopic compositions clearly distinguish A]B grains from other presolar SiC populations. Among the A]B grains, grains with lower 12C/13C ratios tend to have lower 14N/15N and higher 26Al/27Al ratios. Silicon of A]B grains is enriched in the neutron-rich isotopes (29Si/28Si up to 1.20 times solar, 30Si/28Si up to 1.13 times solar), and in an Si three-isotope plot the distribution of the isotopic ratios is very similar to that of mainstream grains, indicating that the parent stars of the A]B grains had close-to-solar metallicity. Titanium isotopic ratios of 13 grains, out of 30 analyzed, deviate from solar by more than 2 p in at least one isotopic ratio and span the same range as those of mainstream grains. Trace element abundance patterns of 20 previously measured A]B grains indicate that seven condensed from an atmosphere without sprocess enrichments, while 13 did so from an atmosphere enriched in s-process elements by 3È5 times solar. Observationally, the most likely sources of A]B grains with solar s-process abundances are J-type carbon stars, but the origin of these stars is unclear. Born-again asymptotic giant branch (AGB) stars, typiÐed by SakuraiÏs object (V4334 Sgr), are possible sources of A]B grains with enhanced s-process elemental abundances. Other C-rich stars with low 12C/13C ratios including R stars and CH stars are less likely stellar sources. Whatever the stellar sources, both H and He burning as well as mixing must have occurred in the proper combination to produce both low 12C/13C ratios and C [ O in the envelope. A special nucleosynthetic problem is posed by the 14N/15N ratios of the grains. High ratios can be explained by hot bottom burning and by cool bottom processing in thermally pulsing AGB stars. Another proposed scenario that possibly yields this signature is extensive mixing of He-burning material into the H-rich envelope during the core He Ñash. However, the spread of the 14N/15N ratios and lowerthan-solar 14N/15N ratios remains unexplained. The isotopic and elemental compositions of A]B grains can provide new information about nucleosynthesis in their possible parent stars that cannot be obtained in any other way.
INTRODUCTION
Diamond was the Ðrst type of presolar dust isolated from meteorites (Lewis et al. 1987 ). This discovery was followed by those of presolar silicon carbide (SiC) (Bernatowicz et al. 1987 ; Tang & Anders 1988) , graphite , refractory carbides such as TiC (Bernatowicz et al. 1991 (Bernatowicz et al. , 1996 , oxides and (corundum \ Al 2 O 3 , spinel \ MgAl 2 O 4 , Hutcheon et al. hibonite \ CaAl 12 O 19 ) 1994 ; Nittler et al. 1994 Nittler et al. , 1997 Choi et al. 1998 ; Choi, Wasserburg, & Huss 1999) , and silicon nitride (Nittler et (Si 3 N 4 ) duced only by nucleosynthesis in stars and are proof of the stellar origin of the grains. The isotopic compositions of the grains thus provide information about speciÐc stages in the evolution of their parent stars. After diamond, SiC is the most abundant type of presolar dust in meteorites. Still, its concentration in primitive meteorites is only 6 parts per million (ppm) (Amari, Lewis, & Anders 1994) . Silicon carbide has been classiÐed into several di †erent populations on the basis of the C, N, and Si isotopic ratios measured in single grains with the ion microprobe (Figs. 1 and 2) (Hoppe et al. 1994 ; Hoppe & Ott 1997) . Most grains (D93%) are deÐned as "" mainstream ÏÏ grains and have isotopically heavy C (12C/13C \ 20È100), light N (14N/15N [ 272 \ solar), and Si enriched in the neutron-rich isotopes. Analyses of SiC bulk samples (4aggregates of many grains) have shown pronounced sprocess signatures for the noble gases Kr and Xe (Lewis, Amari, & Anders 1990 Gallino et al. 1990 ) and for Sr (Podosek et al. 2001) , Ba (Ott & Begemann 1990 ; Prombo et al. 1993 ; Gallino, Raiteri, & Busso 1993) , Nd Richter, Ott, & Begemann 1993) , and Sm Richter et al. 1993) . Bulk analyses include minor populations of SiC grains. However, with few exceptions, the bulk isotopic signatures are dominated by the population of mainstream grains. Recently, measurements of heavy-element isotopic ratios in individual grains by resonance ionization mass spectrometry (RIMS) have revealed s-process Zr (Nicolussi et al. 1997) and Mo (Nicolussi et al. 1998) SiC grains. Thermally pulsing asymptotic giant branch (TP-AGB) stars are believed to be the source of the main sprocess component in the solar system elemental abundance distribution, indicating that such stars are the most likely stellar sources of the mainstream grains (e.g., Gallino, Busso, & Lugaro 1997) . The isotopic ratios of the light elements C and N also point to an AGB star origin Hoppe et al. 1994 ; Lugaro et al. 1999) .
Grains of type Y (D1% of total SiC) are deÐned as having 12C/13C ratios larger than 100 and enrichments in 30Si compared with mainstream grains (Figs. 1 and 2) (Amari et al. 2001b) , while Z grains (D1% of total SiC) show a similar range of 12C/13C ratios as mainstream grains do but have larger 30Si excesses than Y grains (Hoppe et al. 1997a (Hoppe et al. , 1997b . Amari et al. (2001b) (1997a, 1997b) have suggested that Z grains formed in lowmass (M \ 2.3 low-metallicity (Z \ 0.006 or [Fe/ M _ ), H] \ È0.52) AGB stars that had experienced extra mixing (Charbonnel 1995 ; . From the Si isotopic compositions of those three populations of SiC grains, Zinner et al. (2001) have concluded that they formed in TP-AGB stars with a range of metallicity, from close-to-solar metallicity for mainstream grains down to metallicity Z B 0.006 for Z grains.
Silicon carbide grains of type X (D1% of total SiC) are characterized by isotopically light C, heavy N, high 26Al/ 27Al ratios (D0.1È0.6), and 28Si excesses up to 5 times solar (Amari et al. 1992 ; Nittler et al. 1995 ; Hoppe et al. 2000) . 44Ca excesses, originating from the decay of 44Ti (T 1@2 \ 60 yr), have been observed in several grains Hoppe et al. 1996a ). Since 44Ti is produced by explosive nucleosynthesis in supernovae (SNe), its inferred former presence in the grains is proof of their SN origin. Lowdensity graphite grains have isotopic signatures similar to those of X grains, also implying an SN origin (Amari, Zinner, & Lewis 1995b Travaglio et al. 1999a) . Travaglio et al. (1999a) have performed mixing calculations of di †erent layers of the SN models by in an attempt to reproduce the isotopic signatures of the low-density graphite grains. Although many general signatures can be reproduced, several problems remain and are discussed in detail by Travaglio et al. (1999a) .
A few grains have low 12C/13C, 14N/15N, high inferred initial 26Al/27Al, and 30Si excesses, relative to solar system ratios, indicative of an origin in nova ejecta (Amari et al. 2001a) .
Grains of type A and B comprise D3%È4% of presolar SiC and are deÐned as having 12C/13C ratios of less than 10. Type A grains have 12C/13C ratios of less than 3.5 (the equilibrium value of the CNO cycle), and B grains have ratios between 3.5 and 10 (Hoppe et al. 1994 (Hoppe et al. , 1996b Amari et al. 1997 Amari et al. , 2000 . However, since this is an ad hoc division and since the other isotopic features are very similar in both populations of grains, they will be treated as a single population ("" A]B ÏÏ) in this paper. Although A]B grains are not as rare as X, Y, and nova grains, they still comprise only a minor proportion of presolar SiC in meteorites. The study of a statistically signiÐcant number requires that the grains be found in an efficient way. Here we report C, N, Al, Si, and Ti isotopic ratio measurements of 121 A]B grains, identiÐed by automatic high mass resolution ion imaging in the ion probe (Nittler 1996 ; Nittler et al. 1997) as well as three A]B grains found during manual grain-by-grain analysis. We also include the isotopic ratios of the A]B grains previously measured by Hoppe et al. (1994) and the trace element data reported by Amari et al. (1995a) . Preliminary reports of the isotopic data have been given by Amari et al. (1996a Amari et al. ( , 1997 Amari et al. ( , 2000 . In°2 we describe the experimental procedures, and in°3 we present the results of measurements on single grains. Possible stellar sources and the nuclear processes relevant for producing the isotopic signatures of the grains are discussed in°4.
EXPERIMENTAL PROCEDURES

Sample Preparation
A procedure to extract presolar grains from meteorites is described in detail by Amari et al. (1994) , and only a brief summary is given here. Approximately 83 g of the Murchison meteorite (Me 2752, Field Museum of National History) was treated alternately with HClÈHF and HCl to dissolve silicates, followed by KOH at 70¡C to dissolve reactive kerogen and sulfur. The residue was further oxidized with to destroy sulÐdes, sulfates, and residual H 2 O 2 kerogen before diamond was extracted with 0.1 M NH 3 . The residue was then treated with 0.5N Na SO 4 185¡C, the residue (D6 ppm of the meteorite) was size sorted into nine fractions (named KJAÈKJI).
The grain size fraction studied here, KJG, has a size range of 2È5 km in diameter. Silicon carbide comprises about 70% of KJG, oxides comprise about 20%, and unidentiÐed Siand Na-rich minerals account for the rest ).
Ion Imaging
Ion imaging techniques, developed to search for rare types of grains, are described in detail by Nittler (1996) . Grains are deposited from an isopropanol/water suspension onto a gold foil pressed onto an aluminum mount. MassÐltered isotopic images of the grains located in a small area (D70 to 100 km diameter) are formed by the ion microprobe and recorded by a CCD camera. Isotopic ratios are then determined from the images, using image processing algorithms.
In this study, high mass resolution (m/*m D 3400) imaging was used to separate 12CH~ions from 13C~ions. This is necessary to search for X and Y grains, which have high 12C/13C ratios, but also locates grains of type A]B with their low 12C/13C ratios.
Two mounts, KJGM1 and KJGM4C, each of which contained about 1400 SiC grains, were imaged to search for A]B and Y grains. The results of the Y grain study have already been reported (Amari et al. 2001b ). Images of 12C~, 13C~, 28Si~, 29Si~, and 30Si~were acquired for mount KJGM1, and images of 12C~, 13C~, and 28Si~for KJGM4C. A]B grain candidates were selected when the 12C/13C ratio determined from the ion images was less than 10. Of a total of 154 candidates from the two mounts, nine grains turned out to be aggregates of more than two grains. The remaining 145 candidate grains were analyzed individually in the ion probe under standard single-grain analysis conditions.
High Mass Resolution Isotopic Analysis
Techniques of high mass resolution isotopic analysis have been described by Zinner, Tang, & Anders (1989) . C and N isotopic analyses conÐrmed 63 grains on KJGM1 and 58 grains on KJGM4 to be A]B grains (Table 1) . We also include three A]B grains from the KJGP1 mount. This mount was imaged in a search for X grains in order to study them by RIMS (Pellin et al. 2000a ). Subsequently, when non-X grains on the mount were randomly selected and had their C, N, and Si isotopic ratios measured for comparison, three A]B grains were found. Tables 1 and 2 give the C, N, Al, Si, and Ti isotopic ratios of A]B grains including those measured by Hoppe et al. (1994) . Altogether, C and N isotopic ratios were measured in 151 grains but no N isotopic ratio in grain KJH4-222. However, other isotopic ratios of the grain indicate that it is an A]B and not a nova grain. 26Al/27Al ratios were inferred from 26Mg excesses in 59 grains, and in an additional 11 grains only lower limits of 26Al/27Al could be obtained as a result of the presence of 27Al`signals from nearby Al-rich oxide grains. A total of 144 grains had their Si isotopic ratios measured and 30 grains their Ti isotopic ratios (Table 2 ).
3. RESULTS Figure 1 together with those of other SiC populations. We note that in Figures 1, 2 , and 3 the numbers of the grains from di †erent populations do not reÑect their natural abundances among all presolar SiC grains because grains of the minor populations were selectively located by ion imaging (e.g., see Nittler et al. 1995 ; Hoppe et al 1996a ; Amari et al 2001b) .
Carbon and Nitrogen Isotopic Ratios C and N isotopic ratios of A]B grains are plotted in
The 12C/13C ratios of the A]B grains range from 1.6 to 9.8, the 14N/15N ratios from 39 to 10,100. Although high 14N/15N ratios close to 10,000 are also observed in mainstream grains, a marked di †erence between the two populations is that the 14N/15N ratios of the A]B grains extend to much lower values and that there are many more grains with subsolar 14N/15N ratios than among the mainstream grains (34% of the A]B grains, compared to 3% of mainstream grains with the same size range as the A]B grains). For the A]B grains C and N isotopic ratios are correlated such that grains with low 12C/13C ratios have, on average, lower 14N/15N ratios.
Nova grains also have low 12C/13C and even lower 14N/15N ratios. However, their other isotopic features di †er markedly from those of A]B grains, making them a distinct population. These grains are discussed in detail by Amari et al. (2001a) .
Aluminum Isotopic Ratios
The initial 26Al/27Al ratios, inferred from 26Mg excesses and Al/Mg ratios, of many A]B grains range up to 10~2 (Fig. 3 ). These are lower on average than those of X grains, but signiÐcantly higher than those of mainstream and Y grains, most of which have ratios smaller than 10~3. An isotopic correlation is also observed for the 26Al/27Al ratios : grains with lower 12C/13C ratios (thus lower 14N/15N ratios) tend to have higher 26Al/27Al ratios.
Silicon Isotopic Ratios
The Si isotopic ratios in Figure 2 are plotted as d-values, deviations in parts per thousand from the solar ratios (Hoppe et al. 1994 ) and of Murchison mainstream grains analyzed by Alexander & Nittler (1999) . Error bars of the mainstream grains are not plotted in this and the following Ðgure to avoid clutter. The Ti isotopic distribution of the A]B grains is not clearly distinct from that of the mainstream grains. Nittler (1999) . Our Ti isotopic ratios are listed in Table 2 as well as those by Hoppe et al. (1994) (Hoppe et al. 1994) . Again, many of the A]B grains cluster within the same ranges as the mainstream grains. Because of the large errors, however, it is not clear whether there are any systematic di †erences between the A]B and the mainstream grains. KJH4-222 and KJH10-272 have the highest d29Si/28Si values. Whereas in the d46Ti/48Ti and d47Ti/48Ti versus d29Si/28Si diagrams they plot along the trend of the mainstream grains, they lie outside of this trend in the d49Ti/48Ti and d50Ti/48Ti versus d29Si/28Si diagrams.
The Ti isotopic patterns of the 13 A]B grains that deviate from solar by more than 2 p in at least one isotopic ratio are plotted in Fig. 6 . Six grains show excesses in all the isotopes relative to 48Ti, having a V-shaped pattern. Four grains have only 50Ti excesses within 2 p errors. Two grains are enriched in 46Ti and 47Ti. One grain shows a 50Ti deÐcit with all the other Ti isotopic ratios being solar. This is in contrast to the mainstream grains measured by Hoppe et al. (1994) where a majority, 19 out of 22 mainstream grains, show a V-shaped pattern. On the other hand, only three out of 10 grains analyzed by Alexander & Nittler (1999) show FIG. 6 .ÈTitanium isotopic patterns of the A]B grains that have isotopic anomalies greater than 2 p in at least one isotopic ratio. Six grains show excesses in all the isotopes relative to 48Ti ; four grains have only 50Ti excesses ; two grains are enriched in the light isotopes, 46Ti and 47Ti ; one grain shows a 50Ti deÐcit. 
T race Element Abundances
We have not measured trace element abundances of A]B grains from the KJG fraction because there was hardly any material left after Ti isotopic analysis. Amari et al. (1995a) reported trace element abundances of 21 A]B grains from the SiC size fraction KJH (3È6 km). Except for one grain that was unclassiÐed, the grains have been classiÐed into several groups according to their trace element patterns (Fig. 7) . In this Ðgure, the abundances of the elements are normalized with respect to Si and solar abundances (Anders & Grevesse 1989) . Seven grains show deÐciencies in Sr and a relatively Ñat pattern in the heavy elements (Fig. 7a) . Three grains also have a Ñat pattern from Ti to Y with enrichments in Ba (Fig. 7b) . Four grains with depletions are plotted in Figure 7c . Two of them (D1 in the legend) are depleted in essentially all the elements (except for Nb) relative to Si, while the other two (D2) are moderately enriched in Y and Ba compared to the other elements. Finally, six grains are depleted in Sr but enriched in Y and Zr (Fig. 7d) . Three of them (E1) are also enriched in Ba, whereas the other three (E3) have normal Ba or a Ba depletion.
The trace element abundances measured in the A]B grains show a range of patterns. The abundances of various trace elements in SiC are determined by both the concentrations of these elements in the stellar atmosphere from which the grains condensed and the condensation behavior of the elements (primarily as a function of temperature). Lodders & Fegley (1995) have calculated the condensation sequence of minerals from a C-rich (C [ O) atmosphere by assuming varying enrichments of the s-process elements (solar to 10 times solar). These authors also assumed varying depletions of highly refractory elements under the assumption that these elements had condensed into other phases before the onset of SiC condensation. Under these assumptions, they could successfully reproduce the patterns shown in Figure  7 . The Flat 1 pattern ( Lodders & Fegley 1995) is obtained under the assumption that SiC condenses from an atmosphere with solar s-process abundances and that no highly refractory elements have previously been removed from the atmosphere. On the other hand, the other patterns (Figs. 7bÈ7d) can be explained with s-process enrichments of 3È5 times solar and various degrees of depletion of highly refractory elements : the Flat 2 pattern (Fig. 7b ) (Class IV) with 3 times solar s-process enrichments and removal of 65% of hightemperature elements before SiC condensation, the E1 pattern (Class III, 9f) with threefold enrichments and 46% removal, the E3 pattern (Class III, 9e) with fourfold enrichments and no removal, the D1 pattern (Class III, 1h) with threefold enrichments and 92% removal, and the D2 pattern (Class III, 9h) with Ðvefold enrichment and 98% removal.
An additional piece of information on s-process elements in A]B grains was reported by Pellin et al. (2000b) , who measured Mo isotopic ratios by RIMS in three A]B grains and also Zr ratios in two of them. The Mo ratios are normal, and none of the grains show the characteristic sprocess isotopic pattern exhibited by mainstream grains (Nicolussi et al. 1998 ; Pellin et al. 1999) . One grain has a substantial 96Zr excess, the opposite of the depletion shown by mainstream grains (Nicolussi et al. 1997) . These three grains lack any s-process signature. Unfortunately, these Zr and Mo isotopic analyses are currently restricted to three A]B grains with higher-than-solar 14N/15N ratios and have not been performed on any grains with known trace element abundances.
4. DISCUSSION
Summary of the Properties of A]B Grains
Let us summarize the isotopic and elemental properties of the A]B grains before comparing them to astronomical observations of possible sources and discussing the nucleosynthetic processes that could possibly give rise to the isotopic and elemental compositions of the grains. A]B grains are deÐned as having 12C/13C \ 10 (Fig. 1) . Their Si isotopic ratios are quite similar in their range and average to those of mainstream grains and di †er only in details. The Si isotopic compositions of mainstream grains are believed to reÑect primarily the initial compositions of their parent stars with little modiÐcation from subsequent nucleosynthetic processing. These initial compositions likely reÑect the chemical evolution of the Galaxy (Alexander 1993 ; Timmes & Clayton 1996 ; Alexander & Nittler 1999 ; Lugaro et al. 1999) , with stars of higher metallicity having on average higher 29Si/28Si and 30Si/28Si ratios. Comparison of the mainstream isotopic compositions with stellar models suggests that they formed in stars of approximately solar metallicity. The Y and Z grains, on the other hand, show 30Si excesses relative to the mainstream correlation line and have lower average 29Si/28Si and 30Si/28Si ratios. These properties indicate an origin in lower-than-solar metallicity stars (Amari et al. 2001b ; Hoppe et al. 1997b ; Zinner et al. 2001) . The similarity of Si isotopic ratios between the A]B grains and mainstream grains indicates that the A]B grains probably originated from stars with metallicity similar to that of mainstream grains, namely, close-to-solar metallicity.
The 14N/15N ratios of A]B grains span a much wider range than those of mainstream grains, and a substantial fraction have heavy N, i.e., 14N/15N ratios smaller than solar (Fig. 1) . Their inferred 26Al/27Al ratios are, on average, higher than those of mainstream grains. With a few exceptions, titanium isotopic compositions of A]B grains show a similar range to those of mainstream grains, but with large error bars. As will be made clear in subsequent sections, there are major difficulties in identifying the stellar and nucleosynthetic sources of the A]B grains on the basis of their major and minor element (Si, C, N, and Al) isotopic compositions alone. Until a better understanding of these data is available, we think that it is premature to attempt to explain the isotopic data of the trace element Ti in the grains and will not discuss Ti any further.
Comparison 
Properties of Carbon Stars
The carbonaceous nature of SiC grains implies that they formed in a C-rich (C [ O) atmosphere (Larimer & Bartholomay 1979 ; Lodders & Fegley 1997) . Carbon-rich AGB stars of the N type have been identiÐed as the most likely stellar sources of the mainstream SiC grains (Hoppe et al. 1994 ; Hoppe & Ott 1997 ) and proposed as the sources of Y and Z SiC grains (Amari et al. 2001b ; Hoppe et al. 1997b ; Zinner et al. 2001 ). The A]B grains must have originated from sources that allow condensation of SiC and that have 12C/13C ratios compatible with those seen in the grains. In this section we consider all types of carbon stars as possible sources for the A]B grains and use isotopic and trace element abundances of the di †erent carbon star types to narrow the types of A]B grain progenitor stars. We note that Clayton, Liu, & Dalgarno (1999) considered the condensation of carbonaceous dust from O-rich (O [ C) ejecta from Type II SNe. However, the isotopic compositions of the A]B grains are so di †erent from presolar grains that are identiÐed to have an SN origin (Amari et al. 1992 ; Nittler et al. 1995 Nittler et al. , 1996 Travaglio et al. 1999a ; Hoppe et al. 2000 ) that we exclude SNe as likely stellar sources for the A]B grains. Moreover, SNe can be ruled out on the basis of nucleosynthetic and stellar evolutionary models, as discussed below in°4.3. Table 3 summarizes the astronomically derived properties of several classes of carbon stars (for a detailed review of carbon stars see Wallerstein & Knapp 1998) . Among them, R, J, and CH (giant and subgiant) stars and SakuraiÏs object have low 12C/13C ratios. In this section we brieÑy sketch the properties of these stars. J stars are attractive sources for the A]B grains with normal s-process element abundances, while CH giant stars and SakuraiÏs object are candidates for the parent stars of grains enriched in s-process elements. A previous analysis of the stellar sources of all types of SiC grains, together with more detailed descriptions of carbon star properties, has been given by Lodders & Fegley (1998) . e Very uncertain.
J Stars
Since their initial description by Bouigue (1954) , the J stars have remained a group of carbon stars that is poorly understood. The J stars are cool luminous stars located at the extreme red end of the Hertzprung-Russell diagram, together with normal N-type carbon stars. Except for the strong 13CN and bands (implying 12C/13C \ 10) 13C 2 (Lambert et al. 1986 ; Ohnaka & Tsuji 1999) and solar sprocess elemental abundances, they are indistinguishable from the normal N-type carbon stars. Bolometric magnitudes for J stars range from [8.7 to [2.8 and are M bol comparable to those of N stars (Alksnis et al. 1998 ). Both J and N stars have similar e †ective temperatures, ranging from 2500 to 3000 K, and comparable CNO abundances and C/O ratios (e.g., Lambert et al. 1986 ). Spectral analysis of J stars by Utsumi (1985a Utsumi ( , 1985b Utsumi ( , 1988 and Abia & Isern (2000) reveals that the s-process elements are not enriched over other heavy elements (i.e., [s/Fe] D solar). The frequency of J stars among the cool carbon stars is estimated as 5%È15% (Lodders & Fegley 1998 ; Abia & Isern 2000) .
The low 12C/13C ratios and the solar abundance of the s-process elements indicate that CNO processing is operating in these stars and that the neutron-producing reaction 13C(a, n)16O is inoperable. However, CNO cycling should lead to high 14N abundances and to C/O \ 1, which is not observed in J stars. Indeed, the CNO abundances are similar to those found for N stars, where dredge-up of 12C produced by shell He burning during thermal pulses is believed to be responsible for increasing the surface C/O ratio to higher than unity (however, s-elements, mostly produced by the 13C neutron source, are also dredged up and lead to the s-process enrichments found in N stars). Furthermore, the N abundances appear to be slightly subsolar in J and N stars. However, the N analyses may have problems (for a discussion see Lambert et al. 1986 ).
J stars, like N stars, are often surrounded by a circumstellar dust shell showing IR emission features characteristic of SiC. However, several J stars (5%È10%) also show silicate emission features (e.g., Little-Marenin 1986 ; Willems & de Jong 1986 ; Lloyd Evans 1990 Lambert, Hinkle, & Smith 1990 ; Barnbaum et al. 1991) and OH and maser H 2 O emission from the shells around some stars (Nakada et al. 1987 ; Nakada, Deguchi, & Forster 1988) . The origin of this oxygen-rich matter in the circumstellar shell is unclear.
The evolutionary status of J stars is also unclear, and several models have been proposed. Willems & de Jong (1986 have suggested that J stars are on the AGB and have recently converted from being O-rich to being C-rich as a result of the dredge-up of 12C. This could explain the presence of silicates from the time when the stars had C/O \ 1. Such a history would be similar to the evolutionary sequence of normal cool giants (MÈMSÈSÈN stars) where successive dredge-up of carbon increases the C/O ratio. However, this scenario does not work for J stars because it cannot explain the low 12C/13C ratios (addition of 12C would increase this ratio), and one also expects enhancements in s-process elements, which are not observed. Furthermore, silicate dust is also expected to be found around some normal SC and N stars, but as far as we know, the presence of silicate dust around carbon stars is restricted to J stars.
Lloyd Evans (1990 Evans ( , 1991 has proposed that J stars underwent mass loss prior to or during the He core Ñash, while the envelope was still oxygen-rich. In order to explain the silicate dust, he suggested that J stars with silicate emission may have an invisible companion and that some oxygen-rich dust is trapped in the accretion disk of such a low-mass companion. Abia & Isern (2000) have discussed the idea that binarity plays a role in the evolution of J stars. Tidal forces may cause strong nonstandard mixing between core and envelope during the He core Ñash. This can cause an enrichment of 12C in the envelope, and further CNO processing could reduce the 12C/13C ratio. A similar process has been discussed by Dominy (1984) and McClure (1997) for the R stars (see below). However, the binary status of J stars is unclear.
R Stars
The R stars represent about half of all carbon stars. They are too hot for dust formation and do not exhibit IR excesses that would be generated by circumstellar dust. Therefore, we do not expect that any of the A]B grains originated from R stars. However, the R stars may provide clues to the origin of J stars. R stars share several properties with the J stars, which suggests that they might be the progenitors of J stars (e.g., Lloyd Evans 1986). Dominy (1984) has presented the most comprehensive study of 11 R stars and has shown that they have low 12C/13C isotopic ratios (4È9, one with 15) and essentially no enrichments of sprocess elements (s/Fe D 1È2 times solar). The major di †er-ence between J and R stars is that R stars are hotter (their e †ective temperatures are similar to those of G9ÈK2 giants) and that the range in C/O ratios (0.9È3) in R stars is larger than in the cooler J stars. That C/O ratios in R stars are higher than in J stars is not surprising in view of the fact that these stars lack dust shells and thus no depletion of carbon from the gas phase occurs by condensation, in contrast to J and N stars. Condensation leads to a gas-phase C/O ratio near unity. Since the C/O ratio is determined from analysis of the gas, the astronomically measured C/O ratios in J stars may not be representative for the entire envelope (for further discussion see Lodders & Fegley 1997) .
The C and N abundances in R stars are above solar while [O/Fe] is normal, and Dominy (1984) has concluded that the CNO cycle operating near equilibrium cannot be responsible for C/O [ 1. He suggested that abundances are established by a violent He core Ñash and subsequent mixing. In that case, 12C produced by He burning in the core is transported upward and experiences H burning. This could possibly increase the C/O ratio, decrease the 12C/13C ratio, and also exclude neutron production by the 13C(a, n)16O reaction, so that s-processing does not occur. As mentioned above for the J stars, binarity may also play a role in the evolution of R stars. Radial velocity measurements by McClure (1997) , however, have not revealed any evidence for binarity in 22 R stars, although on statistical grounds one would expect a frequency of about 20%, as known for normal G and K giants. McClure (1997) has suggested that R stars once were close binaries that coalesced during their evolution on the red giant or AGB.
CH Stars
Among carbon stars, there exist some peculiar stars with low 12C/13C ratios whose s-process element abundances are clearly higher than solar (e.g., Vanture 1992a Vanture , 1992b Vanture , 1992c Kipper & Kipper 1990 ; Kipper et al. 1996) . The CH giants (Ðfth and sixth columns in Table 3 ) have e †ective tem-peratures similar to those of R stars and are often classiÐed as early R-type stars. However, abundance analyses reveal their special nature. Noticeable di †erences between CH stars and R stars are as follows. (1) Kipper & Kipper (1990) , McClure & Woodsworth (1990) , Tsuji et al. (1991) , Kipper (1992) , and Aoki & Tsuji (1997) .
Here we focus on the CH stars with low 12C/13C ratios. The discovery that essentially all such CH stars are binaries (McClure 1985 ; McClure & Woodsworth 1990) suggests that the abundance peculiarities in CH stars may be explained by mass transfer from an evolved companion. Mass transfer either proceeds via Roche lobe overÑow or by accretion of stellar wind from the binary companion, which now is likely to be a white dwarf (e.g., Boffin & Jorrissen 1988 ; Han et al. 1995) .
This binary scenario is analogous to the scenario explaining the properties of Ba stars (eighth column in Table 3 ), which can be regarded as Population I analogs to the older Population II CH stars. The CH stars (and Ba stars) are unlikely to be on the AGB. Thus, their overabundances in carbon and s-process elements cannot be explained by thermal pulses during He burning. However, if these stars have more massive companions that already went through the AGB stage and "" dumped ÏÏ some of their envelope matter onto the star now seen as a CH (or Ba) star, the enrichments of C and s-process elements are easily understood. Once these contaminated stars reach their mass-loss stage, we may expect SiC formation as in normal carbon stars. In that case, the SiC grains should possess low 12C/13C ratios and overabundances in s-process elements, as observed for about two-thirds of all A]B grains analyzed for trace elements.
CH stars are observed to have heavy s-process element enhancements that are larger than the enhancements of light s-process elements (i.e., hs [ ls ; for the deÐnition of hs and ls see Table 3 ). It would be interesting to look for such a signature in presolar SiC grains by measuring hs and ls elements of roughly the same volatility (such as La and Y). The major problem with a CH origin of some A]B grains is that the CH stars are all metal-poor ([Fe/H] \ [0.5) (see Fig. 8 ), while the Si isotopes of these grains indicate that they come from sources of close-to-solar metallicity.
SakuraiÏs Object
SakuraiÏs object (V4334 Sgr) was Ðrst discovered by the Japanese amateur astronomer Sakurai in 1996 and was originally thought to be a slow nova. Subsequent obser- (2000), Aoki & Tsuji (1997) , Dominy (1984) , Hill et al. (2000) , Kipper & Jorgensen (1994) , Kipper & Kipper (1990) , Kipper et al. (1996) , Lambert et al. (1986) , Ohnaka & Tsuji (1999) , Tsuji et al. (1991) , and Vanture (1992a Vanture ( , 1992b Vanture ( , 1992c vations, however, have revealed that it is a star undergoing a very late thermal pulse (VLTP) during the descent along the white dwarf cooling track. It is estimated that 10%È 25% of the stars that go through a planetary nebula phase should experience a Ðnal He Ñash, producing a born-again giant (Renzini 1982 ; Iben 1984) . The fact that this Ñash has been rarely observed must be due to the very short duration of the event. The lifetime of a born-again giant is estimated to be only 100È1000 yr (e.g., Asplund et al. 1999) . The observed evolution of SakuraiÏs object indicates that the He Ñash event might in fact last only a few years (Herwig 2001) .
The Ðrst spectroscopic observation by Duebeck & Benetti (1996) has shown that the object is C-, N-, and O-rich with C [ O, but deÐcient in H. Later, highresolution spectra taken by Asplund et al. (1997 Asplund et al. ( , 1999 together with the observations by Kipper & Klochkova (1997) have not only conÐrmed that SakuraiÏs object is HdeÐcient and C-rich but also revealed that it is enriched in the light s-process elements. Asplund et al. (1999) have compiled the data taken between 1996 April and October (Asplund et al. 1997 ; Kipper & Klochkova 1997 ; Shetrone & Keane 1998) (Cameron & Fowler 1971) . The low 12C/13C ratio coupled with those observations (especially the s-process enrichment) indicate that H burning has occurred in the envelope after the star left the AGB.
SakuraiÏs object has very high abundances of the light s-process elements such as Sr and Y ([Sr/Fe] \ 3.0, [Y/ Fe] \ 2.2 in 1996 May). Such high abundances have not been observed in AGB or post-AGB stars, and it is possible that s-process nucleosynthesis occurred after the star left the AGB, although we cannot exclude the possibility that previously synthesized s-process material was mixed onto the surface during the born-again stage of the object.
SakuraiÏs object was observed to cool rapidly : the e †ec-tive temperature was estimated to have been 7500^300 K in 1996 May, 6900 K in 1996 October (Asplund et al. 1997) , and 5000È6000 K in 1998 ). This cooling is probably the result of stellar expansion caused by the energy released by the He Ñash and was accompanied by dust formation. Infrared Space Observatory (ISO) data taken in 1997 indicate the presence of graphite dust at a temperature of 680 K (Eyres et al. 1998) . Since the ISO data taken for a full year between 1997 February and 1998 February show a strong and steadily increasing IR excess, Kerber et al. (1999) concluded that dust was continually produced in an extended, optically thin shell around the star. The spectra taken by the United Kingdom Infrared Telescope (UKIRT) in 1999 April and May suggest the presence of amorphous carbon with an estimated maximum size of 0.6 km (Tyne et al. 2000) .
Theoretical work by (1979) and Iben (1982) Scho nberner has shown that a star that descends the white dwarf cooling track can undergo a late He Ñash. A Ðrst attempt to investigate this evolutionary track and the "" born-again ÏÏ scenario qualitatively was undertaken by Iben et al. (1983) . They showed that most of the H remaining in the star at the onset of the Ñash is incorporated into the He-burning convective shell and completely burned. Iben & MacDonald (1995) predicted the envelope of the star to be He-, C-, and N-rich with He/C/N/O \ 300/20/6/1 in relative numbers, or He/C/ N/O \ 0.76/0.15/0.05/0.01 in mass fractions. Herwig et al. (1999) and Herwig (2001) modeled SakuraiÏs object by investigating the evolutionary sequence of a lowmass (2 star from the AGB through the post-AGB M _ ) stage that experiences a very late thermal pulse. They found that in stars where shell H burning has already ceased (white dwarf cooling domain) the He ÑashÈdriven convection zone can extend into the H-rich envelope, leading to convective H burning. This process is estimated to last about a month before H in the envelope is completely consumed. The starÏs surface is still H-rich before the convective region reaches the envelope, but the convective H burning results in an H-free but He-, C-, and Ne-rich envelope with He/C/O/Ne \ 0.38/0.35/0.22/0.035 in mass fractions. While the 12C/13C ratio is drastically reduced by H burning, the CNO cycle does not reach equilibrium before all of the available H is exhausted, and 14N remains much less abundant than 12C.
R Coronae Borealis Stars and HdC Stars
R Coronae Borealis (R CrB) stars are He-and C-rich stars that are extremely deÐcient in H, and they belong to the group of hydrogen deÐcient (HdC) stars (e.g., Asplund et al. 2000) . They possibly are closely related to SakuraiÏs object. Two scenarios have been proposed for their formation. The Ðrst involves the merger of a C-O white dwarf with an He white dwarf (Webbink 1984) , and in the second scenario R CrB stars are born-again giants produced when a post-AGB star descending the white dwarf cooling track experiences a Ðnal thermal pulse (Renzini 1979 ; Asplund et al. 1997 Asplund et al. , 1998 Asplund et al. , 2000 . In this second scenario R CrB stars represent an evolutionary stage after the born-again phase, one type of which (VLTP) is represented by SakuraiÏs object. Two other stars, Nova Aql 1919 (V605 Aql) and FG Sagittae & 1997) , are believed to have (Blo cker Scho nberner been observed while experiencing the late-type born-again phase. At present, it has not yet been decided which, if either, scenario applies or whether all R CrB stars are formed by the same process (see Asplund et al. 2000) . Whatever the formation process, the fact that the nondetection of any 12C13C lines sets a lower limit of 40 for the 12C/13C ratio in R CrB stars (Cottrell & Lambert 1982) eliminates them as parent stars for the A]B grains. Within the bornagain scenario, the 12C/13C ratio being substantially higher than in SakuraiÏs object can be explained by consumption of 13C during continued He burning after all the H has been exhausted. In fact, in the model by Herwig et al. (1999) and Herwig (2001), after cessation of H burning, the convective He shell grows again to engulf the region where H burning had taken place.
Conclusions from Stellar Observations
On the basis of astronomical observations, J stars and born-again giants like SakuraiÏs object appear to be the most likely sources of A]B grains. Both have low 12C/13C ratios and have been observed to produce C-rich dust. CH giants also have low 12C/13C ratios but are excluded because of their low metallicity, and R stars are not known to produce any dust. Type J carbon stars do not have any s-process enrichments and thus could be the parent stars of A]B grains without any s-process signatures, while bornagain giants could be the parent stars of grains with evidence for s-process enrichments. For the latter source it is difficult to estimate whether the number of these stars can account for the abundance of the grains. SakuraiÏs object produces dust copiously, but an important question is how much mass a born-again giant loses and how much dust it produces as long as the 12C/13C ratio remains low.
Nucleosynthetic Considerations
The isotopic compositions of the A]B grains must be the result of speciÐc nucleosynthetic processes. In the following sections we discuss in which stellar environments these processes can take place.
The deÐning isotopic signature of the A]B grains is their low 12C/13C ratio of less than 10. The only viable nuclear reaction that produces 13C is proton capture on preexisting 12C followed by b-decay : 12C(p, c)13N(b`l)13C. In stars this happens during H burning in the CNO cycle at temperatures that can range from 1.5 ] 107 to 3.5 ] 108 K (hot CNO cycle). Whereas the equilibrium value for 12C/13C is D3.5 and does not depend sensitively on temperature, the 14N/15N ratio strongly depends on temperature and ranges from D30,000 at low temperatures to less than 0.1 at high temperatures. Hydrogen burning takes place in di †erent types of stars at di †erent stages during their evolution. Table 4 lists di †erent stellar environments in which the CNO cycle can take place. However, what makes it so difficult to explain the low 12C/13C ratios of the A]B grains is a The isotopic and abundance properties of the Ðrst Ðve scenarios are those of the envelope of stars where the processes take place. For example, the s-process does not occur in HBB ; however, HBB occurs during third dredge-up episodes that enrich the envelope in s-process elements.
b The nova data are predicted values of nova ejecta from the one-dimensional hydrodynamical calculations by Kovetz & Priallnik 1997 , StarrÐeld et al. 1997 , & Hernanz 1998 , and J. 2001 that these ratios have to be present in the atmosphere of the stars from which the grains formed and that this atmosphere has to be C-rich (C [ O). The problem here is that in the CNO cycle most of the C is converted to 14N and in equilibrium C \ O.
In the following discussion we will encounter predictions for the 14N/15N ratios of up to 20,000, signiÐcantly higher than the ratios measured in the grains, which are less than 10,000. We want to emphasize that contamination of SiC grains with isotopically normal N (14N/15N \ 272) during the measurement will shift very high true 14N/15N ratios toward lower ratios. Conversely, less-than-solar ratios could be shifted toward higher ratios, although this e †ect is expected to be much smaller.
Let us discuss the di †erent scenarios that can produce low 12C/13C ratios. We Ðrst consider low-to intermediatemass stars with close-to-solar metallicity that started out with a solar 12C/13C ratio of 89 and a 14N/15N ratio of 272. The evolution of such stars has been described in detail (Iben 1977 ; El Eid 1994 ; Lattanzio & Boothroyd 1997 ; Lattanzio & Forestini 1999 ; Boothroyd & Sackmann 1999) , and we can be brief. During the main-sequence phase, the CNO cycle occurs in the deep interior of the star (core H burning). However, this nucleosynthesis does not a †ect the composition of the starÏs surface until, after H exhaustion at the center of a star, the products of core H burning are mixed into the envelope during the Ðrst dredge-up and thus become observable. This results in a drop of the 12C/13C ratio to D20È25 and an increase of the 14N/15N ratio to 900È1700, respectively (Iben 1977 ; El Eid 1994 ; Forestini & Charbonnel 1997 ; Boothroyd & Sackmann 1999) . After the core ignites (violently in stars with less than 2.5 an M _ , event called the core He Ñash), He burns in the convective core, while H continues to burn in a thin shell (shell burning). Intermediate-mass stars (greater than D3.5 M _ ) experience a second dredge-up when the convective envelope penetrates the extinguished H shell, bringing more H-burnt material to the surface. This changes the 14N/15N ratio of the envelope to 1300È1900 but does not a †ect the 12C/13C ratio signiÐcantly (El Eid 1994 ; Forestini & Charbonnel 1997) .
However, it has been observed that red giants with masses of less than D2.3
show lower 12C/13C ratios M _ than predicted to result from the Ðrst and second dredge-up (Lambert 1981 ; Sneden, Pilachowski, & Vandenberg 1986 ; Gilroy 1989 ; Gilroy & Brown 1991 ; Sneden 1991 ; Wallerstein & Morell 1994) . To explain these ratios, extra mixing has been invoked by Charbonnel (1994 Charbonnel ( , 1995 , subsequently called cool bottom processing (CBP) , where material from the bottom of the envelope circulates into regions close to the H shell where some processing by H burning can take place. When this mechanism is taken into account, the 12C/13C ratio of the envelope approaches the equilibrium value of the CN cycle, 3.5 (Charbonnel 1995) .
With standard reaction rates, almost all the 15N in the envelope is expected to be destroyed, resulting in a 14N/15N ratio near the equilibrium ratio of º10,000 (Lattanzio & Boothroyd 1997) . On the basis of simple calculations, Huss, Hutcheon, & Wasserburg (1997) found that subsolar 14N/15N ratios could be reached by CBP if the 18O(p, a)15N reaction rate at relevant energies was assumed to be much higher than that given by Caughlan & Fowler (1988) . However, an increase by a factor of 1000 is required to account for the ratios in A]B grains, and such a large excursion from the generally accepted value is probably ruled out by experiments (e.g., Champagne & Pitt 1986) .
Although the range of the 12C/13C ratios expected from CBP agrees well with that observed in the A]B grains, it should be emphasized that all the processes discussed so far leave the surface of the star O-rich. Such a composition would not allow the condensation of SiC grains. Furthermore, stars during these evolutionary stages are not enriched in s-process elements. In the standard evolution models of low-to intermediate-mass stars the surface of the star becomes C-rich only during the AGB phase, when 12C, synthesized by the triple-a reaction in the He-burning shell, is mixed into the envelope by recurring third dredge-up episodes. This increases the C/O ratio until it becomes greater than 1 and the star becomes a carbon star. However, this dredge-up inevitably also increases the 12C/13C ratio, which is predicted to be much higher than 10 when C [ O. The standard model of AGB star evolution thus does not produce low enough 12C/13C ratios to explain the 12C/13C ratios of the A]B grains, nor can it explain the low ratios observed in J-type carbon stars. On the other hand, the C and N isotopic ratios predicted for low-mass stars of solar metallicity generally agree with those of mainstream and type Y SiC grains (Hoppe et al. 1994 ; Gallino et al. 1994 ; Huss et al. 1997 ; Amari et al. 2001b) .
Additional products of AGB nucleosynthesis are sprocess elements, believed to be produced in the thin inter-shell region between the H and He shells by neutron capture from the 13C(a, n)16O neutron source (Iben & Renzini 1982a , 1982b Gallino et al. 1997 Gallino et al. , 1998 . As discussed above, mainstream SiC grains carry a strong signature of this process (see, e.g., Hoppe & Ott 1997 ). In the model of Wasserburg et al. (1995) CBP might also occur in AGB stars during third dredge-up. If so, this could lead to the formation of a carbon star with C [ O while 12C/13C ratios are low. Ohnaka & Tsuji (1999) considered this as a possible scenario to produce J-type carbon stars. However, stars made in this way are expected to have s-process enhancements of the heavy elements, and J stars generally lack such enhancements. CBP is also expected to produce high 14N/15N ratios [assuming the accepted value of the 18O(p, a)15N cross section], thus only A]B grains without s-process enhancements and with high 14N/15N ratios could possibly come from AGB stars experiencing CBP. Furthermore, it remains to be seen whether more detailed models of such stars can produce carbon stars with low 12C/13C ratios.
Another process that can lower the 12C/13C ratio in the envelope of AGB stars is hot bottom burning (HBB). It occurs in model stars of intermediate mass (4È7 M _ ) Lattanzio & Forestini 1999) . In such models, the base of the convective envelope reaches down into the H shell where the temperature is high enough for the CN cycle to operate. 12C is converted to 13C and 14N, decreasing the 12C/13C ratio (down to D3) and increasing the 14N/15N ratio (up to 30,000). This isotopic signature would match those of some of the A]B grains. However, HBB prevents the envelope from becoming C-rich as a result of the conversion of 12C into 14N, and SiC grains should not form. In rare cases, mostly in low-metallicity (Z \ 0.004) stars, He burning and third dredge-up might continue after HBB has stopped. In these cases, C [ O can be obtained in the envelope while 12C/13C ratios remain low (less than 10) (Frost et al. 1998 ; Lattanzio & Forestini 1999) . Because mass loss is high during this short phase during the last thermal pulses (Frost et al. 1998) , substantial amounts of carbonaceous grains could form, but the low metallicity required for such stars seems to exclude them as sources for A]B grains.
After leaving the AGB and becoming white dwarfs, 10%È25% of stars are believed to experience a late He Ñash and become born-again giants. SakuraiÏs object, described in detail in°4.2.4, apparently is going through this stage. In this scenario, convective H burning via the CN cycle occurs when the He Ñash convective zone rich in freshly synthesized 12C extends into and is mixed with the H-rich envelope (Herwig et al. 1999 ; Herwig 2001) . The reason that the envelope remains C-rich (C [ O) is that it is thin and the number of protons is limited so that the CN cycle never reaches equilibrium. The temperature at the bottom of the convective H burning zone, where most of the H burning takes place, is estimated to be 1.15È1.5 ] 108 K, the 12C/13C ratio to be less than 10, and the 14N/15N ratio to be higher than 10,000 (Herwig 2001 ; F. Herwig 2001, private communication) . This temperature is somewhat higher than that achieved in the H-burning shell of AGB stars, which is estimated to be 5È8 ] 107 K (Forestini & Charbonnel 1997) . Based on the isotopic signature, bornagain giants like SakuraiÏs object are viable candidates for the parents of A]B grains with large 14N/15N ratios. Presently, the VLTP models by Herwig do not consider any neutron capture e †ects. Neutron capture might result in lower 14N and higher 15N abundances and thus lower 14N/15N ratios (F. Herwig 2001, private communication). However, we have to await full stellar evolution models that consider the neutron capture reactions to see whether 14N/15N ratios as low as those observed in the grains can be obtained.
A similar type of H burning, namely, mixing of material from the core He Ñash with the H-rich envelope and subsequent H burning, has been proposed to explain the C isotopic and elemental compositions of R stars (Dominy 1984) and J stars (Abia & Isern 2000) . Hydrodynamic studies by Deupree and coworkers (Cole & Deupree 1980 Deupree 1984 ; Deupree & Wallace 1987) have shown that an o †-center He Ñash can mix He-burning material into the H-rich envelope and the amount of 12C mixed to the surface could possibly make the star into a carbon star (Deupree & Wallace 1987) . However, in order to explain the C isotopic composition of J stars, additional H burning has to convert a substantial fraction of the 12C into 13C, but at the same time the 13C(a, n) neutron source cannot be activated to prevent the production of s-process elements. Full multidimensional models of the He Ñash including mixing with the envelope and with a nuclear network comprising the CNO elements (preferably up to Si) are necessary to determine whether all the right conditions can be achieved to match the properties of the J stars (C [ O, low 12C/13C ratios, no s-process enhancements). A similar scenario, mixing of protons into the He-burning region, in the Ðrst He Ñash during the double-shell burning phase of lowmetallicity, low-mass RR Lyrae variables has recently been investigated (Cassisi, Castellanti, & 1996) . In Tornambes uch stars, all the H burns at a relatively high temperature. However, the extremely low metallicity (log Z \ [10) of the stars undergoing this process eliminates them as possible parent stars for the A]B grains.
The temperatures of H burning in most of the scenarios considered so far (except for core H burning) are in the same range as those in the H-burning shell of AGB stars, namely, 5È8 ] 107 K (Forestini & Charbonnel 1997) . The fundamental problem with all these scenarios (in addition to the problem that C \ O) is that at such temperatures, and even at the somewhat higher temperatures obtained for models of SakuraiÏs object, H burning via the CN(O) cycle produces very high 14N/15N ratios (greater than 10,000) and the grains with low ratios cannot come from any of the stars where these processes take place. Hydrogen burning at much higher temperatures (hot H burning) takes place in novae. Nova explosions occur on the surface of a white dwarf onto which H-rich matter from a companion star in a binary system is accreted and compressed until a thermonuclear runaway occurs. Hydrodynamic calculations of novae have predicted low 12C/13C ratios (around 0.3È4 for both CO and ONe novae), a wide range of 14N/15N ratios (2È30, 000 for CO novae, 0.1È6 for ONe novae), and high 26Al/ 27Al ratios (0.1È1) (Kovetz & Prialnik 1997 ; Hernanz, Jose , & Coc 1997 ; & Hernanz 1998 ; StarrÐeld, Gehrz, & Jose Truran 1997 ; StarrÐeld et al. 1998) . Novae are thus the only types of stars considered so far for which current models predict low 14N/15N ratios. However, almost all nova models predict substantial anomalies in the Si isotopic ratios (deÐcits in 29Si and/or large excesses in 30Si) and substantially lower 14N/15N ratios than observed in the grains. A few presolar SiC grains and one graphite grain have been identiÐed as originating from novae (Amari et al. 2001a) . They all have large 30Si excesses (Fig. 2) . It is extremely unlikely that any of the A]B grains, whose Si isotopic ratios are to Ðrst order indistinguishable from those of mainstream SiC grains, have a nova origin.
Finally, let us consider massive stars that explode as Type II SNe. In such stars H burning via the CNO cycle has gone to completion in the He/N zone (for labeling of SN zones see Meyer, Weaver, & Woosley 1995) . Figure 9 shows the 12C/13C and 14N/15N ratios predicted for this zone by the model of a 15 star of solar M _ metallicity. The average 26Al/27Al ratio is 0.2, and this zone has C [ O. The underlying layer is the He/C zone with very high 12C/13C ratios and also C [ O. At the bottom of this zone very low 14N/15N ratios are predicted, as a result of neutrino reactions during the SN explosion. In order to investigate whether mixing between layers in these two zones can account for the C and N isotopic ratios of the A]B grains, we mix the layer with the lowest 12C/13C ratio in the He/N zone with the layer with the highest 12C/13C ratio in the He/C zone. The mixing line (solid black line in Fig. 9 ) misses most of the A]B grains, especially those with low 14N/15N ratios. Some layers in the He/C zones have even lower 14N/15N ratios than the layer with the highest 12C/13C ratio, but these layers have low N concentrations, and the mixing line (gray line in Fig. 9 ) thus takes a com- FIG. 9 .ÈNitrogen and carbon isotopic ratios of presolar SiC grains are compared to ratios predicted for the He/N zone and He/C zone of a 15 M _ star of solar metallicity . The two lines represent the isotopic ratios obtained when two layers from these two di †erent zones are mixed. The paths of these lines depend not only on the isotopic ratios of the end components but also on their relative C and N abundances. For the mixing, the same layer in the He/N has been selected ; the end component in the He/C zone generating the gray mixing line has a lower 14N/15N ratio but a much higher C/N ratio than that giving rise to the black mixing line. Even the black mixing line misses most of the A]B grains.
pletely di †erent path and runs essentially above all presolar SiC grains. It should be emphasized that the black mixing line represents a limiting case because most layers in the He/C zone have higher 14N/15N ratios than the layer we chose. Zinner et al. (1998) and Travaglio et al. (1999a Travaglio et al. ( , 1999b have shown that mixing of Type II SN ejecta fails to account for the low 14N/15N ratios measured in SiC grains of type X, and, as can be seen in Figure 9 , the situation is much worse for A]B grains with low 14N/15N ratios.
In summary, H burning in the CN cycle can produce low 12C/13C ratios and 26Al/27Al ratios in the range observed in the grains, but to achieve this in stellar sources with C [ O requires very special conditions so that the cycle cannot reach equilibrium. Most scenarios involve temperatures of less than 108 K, and at these temperatures 14N/15N ratios are high and the low ratios observed in a sizeable fraction of the grains cannot be explained. Low 14N/15N ratios are produced at much higher temperatures, believed to be present during nova explosions, but at these high temperatures H burning also a †ects the Si isotopes, and anomalies not seen in the A]B grains are predicted. Low 14N/15N ratios are not only a problem for A]B grains but also for presolar grains from SNe (SiC grains of type X and low-density graphite grains) and have previously been discussed in detail Travaglio et al. 1999a Travaglio et al. , 1999b . SN grains and now the A]B grains indicate that the production of 15N is presently not well understood. It has been shown that massive stars produce more 15N if rotational mixing is taken into account (Heger 1998) . That massive stars produce more 15N than is predicted by standard models is also supported by observations of 15N in the Large Magellanic Cloud and the galaxy NGC 4945 (Chin et al. 1999 ). In addition, as discussed above, Huss et al. (1997) showed that an increase of D1000 times in the 18O(p, a)15N reaction rate at relevant energies could lead to the observed 14N/15N ratios during CBP. Although it is improbable that the true rate is that much higher than the currently accepted experimental value, a large extrapolation in energy from the experimental results to stellar energies is necessary, and it is certainly highly desirable to make measurements of the cross section at lower energies.
CONCLUSIONS
Presolar SiC grains of type A]B have low 12C/13C ratios (less than 10), a large range of 14N/15N ratios (39È10, 100), high inferred 26Al/27Al ratios (D10~3), and Si isotopic ratios slightly higher than solar. The Si isotopic distribution of the A]B grains is similar to that of mainstream grains, indicating that the A]B grains must have formed in stars of close-to-solar metallicity. Titanium isotopic compositions are broadly similar to those of mainstream SiC grains. Some grains seem to be enriched in s-process elements, others are not. No single known stellar source can account for all these isotopic and elemental signatures. Unlike other types of presolar SiC, such as mainstream, X, Y, Z, and nova grains, A]B grains most likely originated from more than one type of stellar objects. At present, it is difficult to assign A]B grains deÐnitively to speciÐc stellar sources because we do not have enough observational data of isotopic ratios (especially N) for most of the stellar objects discussed in°4.2 and listed in Table 3 . Furthermore, detailed theoretical models that can provide predictions of isotopic ratios are not yet available for many of these stars. For these reasons, we can only tentatively assign A]B grains to stellar sources. For example, A]B grains with no s-process enrichment most likely formed in J stars, but we do not have any 14N/15N ratio measurements in such stars. Grains with high 14N/15N ratios and s-process enrichment could come from born-again giants such as SakuraiÏs object. CH stars with low 12C/13C ratios, which have s-process enrichments, are less likely because they have low metallicities.
From a theoretical point of view, possible stellar sources of the A]B grains must have experienced both H and He burning. Helium burning is necessary to produce enough C, which has to be mixed into the envelope to produce a carbon star. However, the two processes have opposite e †ects on the 12C/13C ratio and the C/O ratio in the envelope. Hydrogen burning decreases the 12C/13C ratio but converts C into N, thus reducing the C/O ratio, while He burning adds 12C into the envelope and increases the 12C/13C ratio. Thus, very special conditions, under which equilibrium of the CN cycle is not achieved, must be satisÐed in order to obtain low 12C/13C ratios and C [ O.
A]B grains with high 14N/15N ratios could be explained by CBP during the TP phase of low-mass AGB stars, but realistic stellar models have to be investigated to explore this possibility better. They could also be explained by HBB and continued third dredge-up after its termination (see Frost et al. 1998 ). However, these conditions seem to require low metallicity, in contrast to the grain data. Bornagain giants such as SakuraiÏs object might be more likely sources. F. Herwig (2001, private communication) predicts high 14N/15N ratios (greater than 10,000). These types of stars are expected to be enriched in s-process elements in the envelope. Unfortunately, we do not have any trace element data of A]B grains with 14N/15N ratios higher than 500.
The low 14N/15N ratios of some of the A]B grains and the large spread in N isotopic ratio remain unexplained by any of the possible scenarios except novae (Table 4) because they all predict high 14N/15N ratios. Hot H burning produces both low 12C/13C and 14N/15N ratios. If this process takes place at a certain evolutionary stage of a star, the spread of 14N/15N ratios can be explained by the mixing of hot H-burnt material and material that experienced CN burning at lower temperature. This hypothesis is consistent with the fact that the A]B grains with lower 12C/13C grains tend to have lower 14N/15N ratios and higher 26Al/ 27Al ratios (see°°3.1 and 3.2). However, novae are the only known stellar source where hot H burning takes place, and whether the process can occur during the evolution of "" ordinary ÏÏ stars is highly speculative. Furthermore, the temperature of the burning should be limited such that the C, N, and (to some extent) Al isotopes are a †ected, but not the Si isotopes.
The isotopic and elemental compositions of A]B grains provide new information about their possible parent stars that cannot be obtained in any other way. The fact that the grain data, especially low 14N/15N ratios in conjunction with low 12C/13C ratios and C [ O, cannot be matched by existing theoretical models of nucleosynthesis and stellar evolution sets constraints on these models. For example, the data on A]B grains strengthen the conclusion previously reached in other studies Travaglio et al. 1999a Travaglio et al. , 1999b Chin et al. 1999 ; Heger 1998 ) that the production of 15N is not well understood.
There are many things one would wish for in order to reach a better understanding of the problems presented by the A]B grains. It is highly desirable to measure the Mo isotopic ratios of grains with a range of C and N isotopic ratios in order to determine which of them carry s-process isotopic signatures. To date, only three B grains (12C/ 13C [ 3.5) with higher-than-solar 14N/15N ratios have been analyzed. It is also highly desirable to obtain N isotopic ratios from J stars. If such stars are the parent stars of A]B grains with low 14N/15N ratios, it might be possible to detect 15N in stars with ratios less than 100. Another item on the wish list are more theoretical e †orts. The observation of SakuraiÏs object has triggered some theoretical activity to understand this phenomenon. We hope that the existence of the A]B grains and the measurement of their properties will have a similar e †ect. Finally, we also hope for more measurements of cross sections that are relevant to the C and N isotopic ratios produced by H burning. For example, new underground facilities should make it possible to extend measurements of the 18O(p, a)15N reaction rate to lower energies than has been possible so far.
